Black chokeberry (Aronia melanocarpa) fruits are among the richest sources of polyphenols and anthocyanins in plant kingdom and suitable raw material for production of functional foods. e popularity of chokeberries is not only due to their nutritional value but also to the constantly emerging evidence for their health-promoting effects. e current study presents detailed information about the content and composition of sugars, organic acids, and polyphenols in 23 aronia samples grown under the climatic conditions of Bulgaria, in 2016 and 2017. Sorbitol was found to be the main carbohydrate of fresh aronia fruits. Its content was in the range 6.5-13 g/100 g fresh weight (FW), representing 61%-68% of low-molecular-weight carbohydrates. Organic acids were represented by substantial amounts of quinic acid (average content 404.4 mg/100 g FW), malic acid (328.1 mg/100 g FW), and ascorbic acid (65.2 mg/100 g FW). Shikimic acid, citric acid, oxalic acid, and succinic acid were found as minor components. Chokeberries were particularly rich in proanthocyanidins, anthocyanins, and hydroxycinnamic acids. e total polyphenol content of aronia fruits varied between 1022 mg/100 g FW and 1795 mg/100 g FW and ORAC antioxidant activity from 109 µmol TE/g to 191 µmol TE/g FW. We also investigated the relationship between the chemical composition of berries and chemical compositions and antioxidant activity of aronia functional drinks-juices and nectars. e differences in the chemical composition of the fruits resulted in functional foods that differ significantly in their chemical composition and antioxidant activity. Additionally, we demonstrated that temperature of juice pressing and nectar extraction has a profound effect on the polyphenol content and composition of these products.
Introduction
e food is a source not only of nutrients and energy for the living organisms but also of a broad spectrum of nonnutritive biologically active compounds. A growing amount of evidence demonstrates that the consumption of fruits, vegetables, and herbs is associated with a lower risk of arteriosclerosis and other oxidative stress-related diseases [1] . Among plant foods, berries are characteristic with high content of bioactive substances, including polyphenols. erefore, they are suitable raw materials for the development of functional drinks [2, 3] , which is the main reason for the substantial scientific interest in polyphenol-rich berries, in the last years. In search of promising sources of natural antioxidants, black chokeberry (Aronia melanocarpa, Rosaceae) is very appropriate since it is among the richest sources of polyphenols in the plant kingdom [4, 5] . It originates from North America, and in the 1900s, it was introduced to Europe. In the past, it was cultivated mostly as an ornamental plant and used for domestic production of juices, wines, jams, etc. Now aronia berries are widely distributed in Europe and cultivated as an important industrial crop [6] [7] [8] . It is a valuable raw material for juice and wine industries and it is used as a source of food-grade colourant. e high content of different polyphenol compounds and multiple health benefits of chokeberry determine the increasing scientific interest in the fruit and its industrial processing [4] . Several papers reviewed the chemical composition of aronia berries [4, 9] , their clinical effectiveness [10] , and use for prevention of noncommunicable diseases [11] . Health benefits of chokeberry include hypotensive [12, 13] , lipid-lowering [14] , gastroprotective [15] , hepatoprotective [16, 17] , and anticarcinogenic effects [18, 19] . More recently, aronia products and preparations have shown antiviral activity [20] , antiaging effect [21] , protective effect against cadmium intoxication [22] , and anti-inflammatory effect in patients with mildly elevated blood pressure [23] . Furthermore, aronia have also shown potential in the control of type 2 Diabetes [24] . e high content of sorbitol is the most characteristic feature of chokeberry that could be used as a marker for its product authenticity [9] . Besides, this intensively coloured berry is a very rich source of anthocyanins, proanthocyanidins, and hydroxycinnamic acids. Quercetin, quercetin glycosides, and epicatechin are present in the fruits as minor components [4, 9] . Several factors including habitat, cultivar, maturation stage, fertilization, harvest date, etc. could affect the chemical composition of chokeberries [9] .
ere are several studies on the chemical composition of aronia fruits [25] [26] [27] [28] and juices [29] . However, none of them investigates the relationship between the chemical composition of the fruits and the chemical composition and antioxidant activity of functional foods obtained from them. e current study presents detailed information about the content and composition of sugars, organic acids, and polyphenols in 23 aronia samples grown under the climate conditions of Bulgaria. To our knowledge, this is the most comprehensive evaluation of the chemical composition of aronia berries. For the first time, we investigate the relationship between the chemical compositions of aronia berries and chemical compositions and antioxidant activity of aronia functional drinks-juices and nectars. Additionally, we demonstrated that temperature of juice pressing and nectar extraction has a profound effect on polyphenol content and composition of these products. is is very important since differences in the chemical composition of raw chokeberries and variation of technological parameters during processing could result in functional foods with different chemical composition, rendering different biological activity.
Material and Methods

Chemicals.
Folin-Ciocalteu's phenol reagent was obtained from Merck (Darmstadt, Germany). Cyanidin-3-Ogalactoside chloride, cyanidin-3-O-arabinoside chloride, and cyanidin-3-O-arabinoside chloride were purchased from Extrasynthese S.A. (Genay Cedex, France). Gallic acid, chlorogenic acid, 3,4-dihydroxy benzoic acid, p-coumaric acid, caffeic acid, ellagic acid, ferulic acid, catechin, rutin, naringin, naringenin, epicatechin, myrecetin, quercetin-3-glucoside, quercetin, kaempherol, glucose, fructose, sucrose, sorbitol, quinic acid, tartaric acid, malic acid, ascorbic acid, α-ketoglutaric acid, citric acid, shikimic acid, oxalic acid, 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), fluorescein disodium salt, and 2,2-azobis-(2-amidinopropane)dihydrochloride (AAPH) were delivered from Sigma-Aldrich (Steinheim, Germany). All other solvents used were of analytical grade and purchased from local distributors.
Plant Materials.
Altogether, 23 samples of aronia fruits (Nero variety) were supplied from local growers of aronia fruits, in the stage of full maturity, in August 2016 (11 samples) and 2017 (12 samples). Fresh fruits were put in polyethylene bags, frozen, and stored at −18°C until analyzed.
Extraction of Polyphenols, Proanthocyanidins, and
Flavonoids. Briefly, 50 g of frozen fruits were left to defrost at room temperature and homogenized in a laboratory blender. Approximately 2 g of the fruit mash were weighed accurately, transferred to extraction tubes and mixed with 40 ml of the extragent (80% acetone solution in 0.5% formic acid). Extraction was conducted on an orbital shaker at room temperature for one hour. After that, the samples were centrifuged (6000x g) and supernatants were further used for antioxidant activity determination and analysis of anthocyanins, polyphenols, and proanthocyanidins.
Extraction of Sugars and Organic Acids.
One gram of fruit mash was weighed accurately and extracted for 1 hour at 30°C with 30 ml distilled water and shaking on a thermostatic water bath (NUVE, Turkey). After that, the samples were centrifuged (6000x g) and supernatants were used for HPLC analysis of sugars and organic acids.
Preparation of Aronia Juice and Aronia Nectars.
Aronia fruit juices were prepared by the following procedure: 5 kg of frozen fruits were defrosted at room temperature and homogenized with a laboratory blender. en, 1 kg of the mash was transferred in a brown glass bottle and incubated in thermostatic shaker water bath (NUVE, Turkey) for one hour at the corresponding temperature 20°C, 40°C, 60°C, or 80°C. After that, the fruit mash was filtered through cheese cloth and the liquid phase was centrifuged (30 min, 6000 g). e obtained juices were denoted as AJ 20 , AJ 40 , AJ 60 , and AJ 80 , respectively.
Aronia fruit nectars (40% fruit content) were prepared by the following procedure: 5 kg of frozen fruits were defrosted at room temperature and homogenized with a laboratory blender. en, 320 g of the mesh were mixed with 480 ml distilled water. Mixtures were transferred to brown glass bottles and incubated in a thermostatic shaker water bath (NUVE, Turkey) for one hour at the corresponding temperatures 20°C, 40°C, 60°C, or 80°C. After that, the fruit mash was filtered through cheese cloth and the liquid phase was centrifuged (30 min, 6000 g). e obtained nectars with fruit content 40% were denoted as AN 20 , AN 40 , AN 60 , and AN 80 , respectively. [30] on an HPLC system (Agilent 1220, Agilent Technology, USA), with a binary pump and UV-Vis detector (Agilent Technology, USA). Separation was performed on an Agilent TC-C18 column (5 μm, 4.6 mm × 250 mm) at 25°C and a wavelength of 280 nm was used.
e following mobile phases were used: 0.5% acetic acid (A) and 100% acetonitrile (B) at a flow rate 0.8 ml/min. e gradient elution started with 14% B, between 6 min and 30 min, linearly increased to 25% B, and then to 50% B at 40 min. Results were expressed as mg/100 g FW or per liter juice or nectar.
HPLC Determination of Anthocyanins.
Anthocyanins were determined on an HPLC system (Agilent 1220, Agilent Technology, Palo Alto, Ca), with a binary pump and UV-Vis detector (Agilent Technology, USA). A wavelength of 520 nm was used. Anthocyanins were separated using an Agilent TC-C18 column (5 μm, 4.6 mm × 250 mm) at 25°C. Following mobile phases were used: 5% formic acid (A) and 100% methanol (B) at a flow rate of 1.0 ml/min. e gradient condition started with 15% B and linearly increased to 30% B at 20 min. Results were expressed as mg/100 g FW or per liter juice or nectar.
Total Polyphenol Compounds Analysis.
Total polyphenols were determined according to the method of Singleton and Rossi, with Folin-Ciocalteu's reagent [31] . Gallic acid was used for calibration curve, and results were expressed as gallic acid equivalents (GAE) per 100 g FW or per liter juice or nectar.
Total Proanthocyanidin Content Analysis.
Total proanthocyanidins were determined according to Sarneckis et al. [32] . Proanthocyanidin content was calculated from a calibration curve with catechin solutions and expressed as catechin equivalent (CE) per 100 g FW or per liter juice or nectar.
Total Anthocyanin Content Determination.
Total anthocyanin content was determined by the pH differential method [33] .
Oxygen Radical Absorbance Capacity (ORAC) Assay.
ORAC was measured according to the method of Ou et al. [34] with some modifications described in detail by Denev et al. [35] . ORAC analyses were carried out on FLUOstar OPTIMA plate reader (BMG Labtech, Germany) with an excitation wavelength of 485 nm and emission wavelength of 520 nm.
Statistical Analysis.
e results are expressed as the means from at least three independent experiments ± standard deviations (SD). Experiments were realized in duplicates or triplicates. Comparisons with the control were performed by analysis of variance (ANOVA), followed by the Newman-Keuls post hoc test. P values less than 0.05 were considered as significant.
Results and Discussion
Sugar and Organic Acid Content and Composition of Aronia Fruits.
Although the content of organic acids and sugars in plant foods is associated with their taste profile and nutritional value, the available information about the content of these components in aronia berries is scarce. e detailed information about the content and composition of sugars in the investigated 23 aronia samples is given in Table 1 , whereas Figure 1 presents the mean value for each individual carbohydrate.
As it is evident from Table 1 and Figure 1 , sorbitol is the main carbohydrate present in fresh aronia fruits. Its content in the berries varies in the range 6.6-13 g/100 g FW, which is always between 61% and 68% of the total low-molecular carbohydrates. Other studies also report that sorbitol is the main carbohydrate in aronia berries in amounts from 4.2-10% on fresh weight basis. However, as it is evident from Figure 1 , the average content of sorbitol in Bulgarian chokeberries is 9.39%. It exceeds 10% in seven of the tested samples, reaching 13%, which is the highest reported value in the literature [36] [37] [38] . e second most abundant sugar is fructose, followed by glucose with an average content of 2.86 g/100 g and 2.00 g/100 g, respectively. Sucrose was detected in 20 samples in amounts up to 0.34%.
Organic acids are another important component of foods since their presence and composition strongly affect food palatability. e amount of individual organic acids in the analyzed 23 aronia samples is presented in Table 2 . Altogether, seven organic acids were detected in fresh aronia berries (quinic acid, malic acid, ascorbic acid, shikimic acid, citric acid, oxalic acid, and succinic acid), whereas α-ketoglutaric acid and tartaric acid were not detected. ere are just few studies on organic acid content and composition of Journal of Chemistryfresh aronia berries [36] [37] [38] [39] . All these studies reported that malic acid is the major representative of organic acids, but in our study, it was the predominant one only in 6 samples. In most of the cases, quinic acid was the major organic acid, reaching up to 591 mg/100 g FW.
e dominance of quinic acid is visible also from Figure 2 that presents the average data for the content of the investigated organic acids. e amount of ascorbic acid in the investigated samples varied between 37 and 92 mg/100 g FW with an average value of 65.2 mg/100 g FW. is is the third most abundant organic acid in aronia fruits, which makes fresh aronia berries a good source of vitamin C. Total amount of organic acids expressed as the sum of the individual representatives varies in the range 712.6-1028.9 mg/100 g FW.
Polyphenol Content and Composition, and Antioxidant
Activity of Aronia Fruits. It is known from the literature that the total and individual polyphenol components in chokeberries vary significantly in their amounts [4] . is could be due to the used analytical protocols or various environmental (cultivar, habitat, fertilization, harvest time, climate, maturation, etc.) and genetic factors. In order to eliminate the influence of several of these factors, we used aronia fruits from the same cultivar "Nero," in the stage of full maturity (harvested in August). Nevertheless, there were significant differences in both the content and the composition of the individual phenolic representatives. e content of total polyphenolic compounds and their composition in fresh aronia berries are presented in Table 3 . As it can be seen from the table, chokeberries are particularly rich source of proanthocyanidins, anthocyanins, and hydroxycinnamic acids.
e total polyphenol content of the investigated samples varied between 1022 mg/100 g FW and 1795 mg/100 g FW, which differs more than 75%. ese findings are in agreement with the available information from other studies reporting polyphenol content of fresh berries in the range 690-2556 mg/100 g FW [9] . e total content of proanthocyanidins in our study was in the range 522-1002 mg/100 g FW, which makes them the most abundant polyphenols in aronia berries. According to the literature data, proanthocyanidins in fresh aronia berries consist of epicatechin units, and their content varies between 664 and 2120 mg/100 g [40] . Hellström et al. reported that different aronia varieties contain between 80% and 95% extractable proanthocyanidins, and oligomers larger than 10-mers represent between 97 and 99.5% of the extractable proanthocyanidins [13] .
e total amount of anthocyanins in the investigated berries varied more than 2.4-fold between samples with the lowest and the highest anthocyanin content. e results in our study (284-686 mg/100 g fresh weight) are in agreement with other studies reporting anthocyanin content in fresh berries as 428 mg/100 g [41] , 434 mg/100 g [26] , and 461 mg/100 g [42] . From the literature, it is known that aronia anthocyanin profile consist exclusively of cyanidin glycosides, and cyanidin-3-galactoside and cyanidin-3-arabinoside are the major representatives with more than 90% of the available anthocyanins in fresh aronia berries [43] . e cumulative amount of hydroxycinnamic acids in the investigated berries was almost equal to that of the anthocyanins, making them the third most abundant phenolic class in Aronia melanocarpa.
e highest content of chlorogenic acid (187.9 mg/100 g FW) was found in sample 2017_4 and is in agreement with other studies [25] . Interestingly, the highest quantity of neochlorogenic acid in our study (214.5 mg/100 g FW) found in sample 2017_8 exceeds significantly the available results in the literature -84-117 mg/100 g FW [25] , 123 mg/100 g FW [27] , and 59-79 mg/100 g FW [44] . As it is evident from Table 3 , quercetin glycosides (flavonols) and epicatechin (flavan-3-ol) are also present in the berries. e content of epicatechin is the most significant, reaching up to 124 mg/100 g FW, which is higher than the available literature data [25] . e content of quercetin glycosides (rutinoside and glucoside) is several times higher than that of the aglycon itself.
It is well known that polyphenolic compounds are the main substances, responsible for the antioxidant activity of plant materials, and there is a good correlation between their content and antioxidant properties of plant foods [5] . Given the fact that polyphenol content and composition of the investigated samples differed significantly, it could be expected that there will be differences in the antioxidant activity, as well. ere are few studies reporting ORAC values for chokeberries 158 µmol TE/g FW [40] and 160.2 µmol TE/g FW [41] . From the current study, it could be seen that antioxidant activity of fresh chokeberries varies in very broad range from 109 µmol TE/g FW to 191 µmol TE/g FW (Table 3) .
e detailed analysis of the chemical composition of 23 aronia samples cultivated in Bulgaria revealed significant variations in the content of different primary (sugars and organic acids) and secondary (phenolic compounds) metabolites. It is known that warm climate, characteristic for Bulgaria could favour the accumulation of sugars in fruits and vegetables.
is could be the reason for the higher sorbitol content in Bulgarian chokeberries in comparison to previous studies. From the other hand, it is known that different chokeberry cultivars differ significantly in their 27.6 ± 0. polyphenol content [28] . In our study, chokeberries even from the same variety differed significantly in their polyphenol content and composition. is shows that not the cultivar, but the agrotechnique and/or microclimate features, specific for the different regions, are more determining for the accumulation of phenolic compounds in chokeberries. is is very interesting and important since variations in the chemical composition of aronia fruits, particularly in their polyphenol content and composition, are prerequisite for different biological activity. However, future in vivo studies should be performed to check this hypothesis.
Chemical Composition and Antioxidant Activity of Aronia
Functional Drinks. Due to the antioxidant activity and multiple health benefits of aronia berries, their products could be referred as functional foods. A food can be called functional if it impacts one or more functions of the body related to improving health or reducing the risk of illness [45] . Health Canada defines functional foods as being "similar in appearance to, or maybe, a conventional food that is consumed as part of a usual diet, and is demonstrated to have physiological benefits and reduce the risk of chronic disease beyond basic nutritional functions" [46] . e European Commission Concerted Action on Functional Food Science in Europe considers foods to be functional if they have a beneficial effect on one or more functions of the body and are still in the form of food, not a dietary supplement [47] . However, European Union has strict regulations about the requirements towards all fruit-based drinks, including fruit juices and fruit nectars described in Council Directive 2001/112/EC [48] , amended by Directive 2012/12/EU [49] . According to the later Directive, fruit juice is "the fermentable but unfermented product obtained from the edible part of fruit which is sound and ripe, fresh or preserved by chilling or freezing of one or more kinds mixed together having the characteristic colour, flavour and taste typical of the juice of the fruit from which it comes." According to the same regulation, fruit nectar is "the fermentable but unfermented product which is obtained by adding water with or without the addition of sugars and/or honey to fruit juice, to fruit purée and/or to concentrated fruit purée and/or to a mixture of those products." In our study, we decided to prepare both types of functional foods from aronia and to investigate their chemical composition. As already demonstrated, chemical composition of fresh aronia berries differs significantly, which is a prerequisite for variations in the functionality of aronia functional drinks. Another factor that could also affect this feature is the technological processing. Since juices are produced only by fruits, without any food additives (sweeteners, acids, acidity regulators, etc.), we investigated the possibility to change aronia fruit juice composition by only changing the treating temperature of the fruit mash. For that purpose, we treated homogenized aronia fruits for 1 hour at 20°C, 40°C, 60°C, or 80°C, followed by pressing and filtering aronia juice. e obtained juices were denoted as aronia juice (AJ)20, AJ40, AJ60, and AJ80, respectively. We used the same temperatures for the preparation of aronia nectars standardized to 40% fruit content, denoted as aronia nectars (AN)20, AN40, AN60, and AN80, respectively. e only difference was the addition of water to fruit mash, which served as an extragent for chokeberry phenolics. We used the content of total polyphenols and anthocyanins in the obtained juices and nectars as criteria for the efficiency of the extraction process. As it could be seen from Figure 3 , the temperature had profound effect on the extraction of anthocyanins and polyphenols from fresh aronia berries. From Figure 3(a) , it is evident that juice extracted at 20°C contains 1030 mg/L and 6080 mg/L anthocyanins and polyphenols, respectively. Increasing the extraction temperature to 80°C lead to a gradual increase in both anthocyanin and polyphenol contents of the obtained juices. In the case of anthocyanins, the difference was more than 127%, whereas for polyphenols, the increment between the lowest and the highest temperature was 68%. Although the value of anthocyanins at 80°C was the highest, it was not significantly different from that for AJ60. In the case of polyphenols, results at all temperatures were significantly different, indicating that fruit juice was enriched to other nonanthocyanin phenolics. Degustation of the juices showed that AJ80 was considerably more astringent and unpleasant than juices obtained at lower temperatures, indicating that AJ80 was the richest one in condensed tannins. e trend in the influence of temperature on nectar extraction was slightly different (Figure 3(b) ). Although there was increment in both anthocyanin and polyphenol contents between 20°C and 40°C, the differences were not significant. e biggest jump in both parameters occurred in the heating step between 40°C and 60°C. Similarly, to juice extraction, the polyphenol content was the highest at AN80, whereas there was no significant difference in anthocyanin content between AN60 and AN80. In order to obtain more detailed information about the chemical composition of juice and nectars, we analyzed the major polyphenols and anthocyanins in them, and the results are shown in Table 4 . From the results, it could be concluded that all classes of phenolic compounds (anthocyanins, hydroxycinnamic acids, flavan-3-ols, and flavonols) present in aronia berries increase their content in both juices and nectars with the elevation of processing temperature. It is known that anthocyanins have different therapeutic effects and are partly responsible for the biological activities and functionality of aronia berries. Furthermore, because of their beautiful ruby red colour, they are also important for the sensory perception of the resulting chokeberry juices and nectars. erefore, their high content in fruits and aronia foods and drinks is extremely desirable. Chokeberry proanthocyanidins are homogeneous [50] , and due to their polymeric structure, they are not absorbed by human organism. It is believed that they pass unchanged through the gastrointestinal tract and are subjected to degradation by the colon microflora. is yields a variety of metabolites, mainly phenolic acids, with antioxidant activity [51, 52] . Nevertheless, through their strong antioxidant activity, proanthocyanidins play an important protective role in the gastrointestinal tract. We note that despite their high antioxidant activity, proanthocyanidins Journal of Chemistrypossess astringent taste, which is a prerequisite for worsening the taste of fruits and products derived from them.
erefore, a balance between the content of proanthocynidins in aronia products and their palatability should be sought.
A recent study investigated the influence of juice processing factors on the quality of black chokeberry pomace as resource for anthocyanin colourants. Authors found that mashing led to a significant increment in the content of anthocyanins in all the processing treatments as compared to the frozen berries. Anthocyanin content in pomace was affected most strongly by enzyme treatment followed by maceration temperature.
e preheating of the mash increased the juice yield and retention of anthocyanins in the pomace, whereas cold maceration without enzyme addition gave the highest concentrations of anthocyanins in the pomace [53] . It is well known that temperature could significantly affect extraction of polyphenols and anthocyanins from plant matter. For chokeberry, this was demonstrated by ultrasound-assisted extraction of polyphenols and anthocyanins from dried chokeberries and aronia wastes [54, 55] .
ese studies demonstrated the positive influence of the temperature on the extraction of polyphenols from aronia. For example, at 60°C, the yield of extracted polyphenols from dried berries was approximately 3-fold higher, compared to the yields at 20°C.
is is due to the elevated solubility of polyphenols in the solvent, higher diffusivities, and the improved mass transfer at higher temperatures. However, these studies aimed the preparative extraction of anthocyanins and polyphenols, either from dried chokeberries or from aronia wastes. In our study, we investigated the effect of temperature in the preparation of ready-toconsume functional foods-juices and nectars. To our knowledge, the obtained results are the first evidence that functional foods from aronia could be enriched in polyphenols and particularly anthocyanins just by variation of temperature during technological processing. is is another prerequisite for obtaining aronia-based functional drinks with variable chemical composition and, therefore, different biological activity, even from the same batch of aronia fruits.
In Section 3.2 of our study, we hypothesized that the differences of the chemical composition of fresh aronia berries are prerequisite for different composition of aronia functional foods. erefore, we decided to check that hypothesis by preparing functional foods-juices and nectars from aronia berries that differ in their chemical composition. Based on the results for polyphenol content and constituents of the investigated 23 samples aronia presented in Table 1 , we have chosen 3 different batches of aronia with different polyphenol content, that were used for production of fruit juices and nectars. It is known that anthocyanins are temperature sensitive, and their exposure to high temperatures and prolonged heating have been reported to have a strong negative influence on their stability [56] . On the other hand, Journal of Chemistry we revealed that heating from 60°C to 80°C does not result in significant elevation of anthocyanin content. erefore, we decided to obtain fruit juices and fruit nectars at 60°C. e results for the chemical composition and antioxidant activity of the obtained functional drinks are presented in Table 5 . e results from these experiments support our hypothesis and revealed that indeed the differences in chemical composition of aronia berries result in functional foods that differ significantly in their chemical composition and antioxidant activity. For example, juice obtained from sample 2017_8 had twice the content of anthocyanins of juice 2017_3, 75% more polyphenols, and revealed almost 64% higher antioxidant activity. As already stated, this is a prerequisite for altered biological activity of aronia functional foods that should be investigated in further studies.
Conclusion
e current study presents comprehensive data on the chemical composition of 23 aronia berries grown under the climatic conditions of Bulgaria. We demonstrated that chokeberry samples differ significantly in both the content and the composition of organic acids, sugars, and phenolic compounds. In several cases, these differences were more than 100%. Additionally, we demonstrated that temperature of juice pressing and nectar extraction has a profound effect on the polyphenol content and composition of these products. We revealed that the differences in the chemical composition of aronia berries and the technological processing parameters could result in functional foods (juices and nectars) that differ significantly in their chemical composition and antioxidant activity, which is a prerequisite for altered biological activity. However, future in vivo studies should be performed to check this hypothesis.
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